
. 10/510981 

V 0^ 1 3: OCT 2^ • 



:WO03/088986 : PCT7GBC3^1<l!M 
. - . • PREVENTION AND/OR TREATMENT OF TISSOT pAMaGB.; / 



preventing and teating tissue damage, . 

Approximateiy 50% of all cancer patients receive radiotherapy at one stage in 
their course of treatment. Local tunionr cohlrol is directly related to the radiation . 
dose. The greater ihie radiation dose, the greater the probability of tumour control. 
Although it may be possible, in theory, to era^cate a localised tumour With a larjge 
dose of radiation, in practicie the damage to normal tissues, which is also dose- 
dcpend^t. is a inajor limiting fector. thei©fore, the dose deUvered to the tumour is 
always compromised for the danger of damaging normal tissues adjacmt the tumoiff. 

Advances in ttie administration of radiation such as dose ftactionation, low 
dose-itte inadiatipn, application of radiosensitisers orradioprotectors, arid better 
localisation techniquesihav^iricre^^^^ However, iii reality, even; 

with limited doses of radiation, there are always relatively sensitive jiatients who may 
develop abnonnal tissue reactions. Therefore, normal ttssue damage is ahnost an 
inevitable consequence of radiotherapy in the majority of cases. For example, in 
i^oftBrapyofkryngopharyngealtumoius,95y^ . 
idrid of eariy transient reaction, and 61% suffer more persistent late reactions 
jllezvani, era/,, Brit 

The stem cells of the epitheUal lining of the oral mucosa are nbn-specific^ 
affected by many anti-cancer agents including radiation. Mucositis induced by 
chemotherapy or radiotherapy is an important dose-limiting side effect of cancer 
therapy [Sonis, S. T., Oral Oncol. (1998);34:39-43]. Radiation-induced mucositis of 
the upper aerodigestive tract, in particular, is a major dose-Umiting fector in the . 
treatment of head and neck tumours. Apart from being a painful and distresdng 
experience, radiation-induced mucositis, coupled with the associated xerostomia, may 
lead to poor oral hygiene arid weight loss in head arid neck caricra: patients- A planned 
course of treatment may often be interrupted to allow for the healing of this acute 
reaction, and may imp air the outcome of treatment 
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sjhmc study, mucosal reactions were seen in almost aU patients (95%) treated 
ior head and neck cancer with 68% of the patients having ulceration or fibrinous 
reaction of liieinuco^^^^^^^ 

v^^e repotted in 52% of the patients treated with radiotherapy for carcinoma of the • • 
oral cavity and fh6 bropharynx. Mucositis occurs in approxhnately 40% of cancer 

Cpadents treated with chemotherapy with 50% of them requhing modification pf their 

>cidi^cer treatment and/branalgea^ 

A number of mouth washes containing antiseptic and/or analgesics have been 
used m the treatment of radiation-induced mucositis. These treatment qiproaches are 
ineffective in preventing the development of mucositis and have also been shown to 
be detrimental in some cases [Fodte, et al., 3. Clin. Oncol. (1994), 12:2630-3]- 
Recently, a variety of novel therapeutic agents have been developed with limited . 
success [Spadinger, al, J.Clin. Oncol. (1994), 12: 1917-1922; Tronss^d, ei al, Br. 
J; Haematol. (1995), 89:191-5; FaireU, et a/,, hit. J. Radial Biol. (1999), 7S: 609-620] 
with the exception of keriatinocyte growth fector where promising results have been 

Al present there is no 

effectiven^^ 

. TTie basis for the clasacal management of ; 
relief, prevention of dehydration, providing adequate nutrition and controlling 
infection, such as candidiasis, A number of mouth washes containing antiseptic 
and/or analgesic agents have been developed and used but with no beneficial effects, 
this mcludes ohloihexidme and nystatin, glycerine, thymol, glycerine, lemon and 
hydrogen peroxide. These classical treatnient approaches not only are inefficient m 
preventing the development of mucositis but have been shown to be detrimental in 
soine cases. This includes the application of sodium bicarbonate and chlorhexidme, 
it appears that fiequent mechanical cleansing of the mouth by sophisticated 
^ ihouthvi^hes is hatrdflil, as noted above, and that a simple saline solution is indicated 
. as the most effective mouth wash in therapy-induced oral mucositis. However, 
damage to the parotid glands and disturbances in intercellular signalling after inradiation 
, can result m a thickening of the sahva, a reduction in its production and dehydration of 
the mucus membrane. This can encourage infection which in turn will delay the healing 
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6f iiie ulceration. Bf ased on this hypothesis some antibiotic based applications have 
iffovm to be beiiefidal in controlling mi^ 

; The oral mucosa form a continuously renewing tissue consisting bf a stratified 
squamous epitheliuni. Epitiielial stem cells in the basal genninal layer proliferate, 

' With a high rate of renewal, to balance the loss of cells from tiie surfece layer. . This 
rapid turnover of mucosal tissue renders this tissue responsive to both radiotherapy 

, and chemotherapy. After irradiation while the cell loss continues from the superficial 
layers of the mucosa the deeper basal cells, killed or damaged by irradiation foiling to 
iiroiiuce replacements for the lost cells. Therefore, the mucosa: become thinner and 
dnce the number of epithelial cells reach a critical level, broken mucosa develop as a 
result of the denudation. The protective effect of painting the mucosal surface with 
substances such as silver nitrate for several days before radiotherapy, fiiterleiikin-1, 
granulocyte colony-stimulating factor, granulocyte macrophage colony-stimulating 
factor arid keratinocyte growth fector is possibly due to an increase in the number of 
mucosal cells (hypeiplasia) prior to or during radiotherapy treatment 

An alternative approach in the treatmeot of treatment-induced mucositis is the 
use of substances tiiat ptoniote healing of the ulcerated mucosa and coating the mucus 
: memhrarie to prevent further damage by &^ 
Sucial&te, which fttixns a barrier on the mucosa, has been shown to reduce the pain 
iassociated with mucositis. There are conflicting reports on the ability of sucralfate in 
prevention of inucositis [Epstem, et al.. Oral Surg. Oral Med. Oral Pathol. 
1992;73:682-9; Cengiz, et al, J. Clin. Gastroenterol. (1999), 28:40-43; Etiz, ei al. 
Oral OncoL (2000), 36:116t20]. 

Skin is an inq^ortant tissue tiiat is finequenfly exposed to radiation either 
accidentislly or as a consequence of the treatment of cancer patients by radiotherapy. 
: Acute radiation damage to the epidermis is related to the sterilisation of the reproductive 
component of the epidermis, stem cells. The full functional integrity of the skin can be 
preserved if there are sufficient surviving clonogenic cells within the basal layer, or 
within the shaft of hair follicles, to allow rapid rqpopulation of the surface. The absence 
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of ceU production resuits in the devdq 
• desquamaiioii). ■ 

The spinsi cord is one of the nnportant dose-limiting normal tissues in 
radidtheiapy. Excessive doses of radiation to the spinal cord can result in radiation 
myelopathy, a rare but serious complication of radiotherapy treatment for cancer, 
Latendy times for radiation myelopathy in humans have been reported to vaiy between 4 
months to 4 years after cervical or thoiaidc iira 

fc^ 

necrosis within months of irradiation- Radiation effects on the spinal cord have been 
extensively studied in a number of animal models. Factors such as the total radiation 
dose, overall treatmeht time, dose per fraction, dose-rate and the effects of changmg the 
irntdiated volume of the spinal cord have been examined as a guide to improving the 
therapeutic ratio in radiotherapy, the majority of these studies have concentrated on 
bptimsing dose fiactibnatidn sc^ 

kec^tly, iattbmijits been made to modify this effect by the administratioh bf 
therapeutic ag^ts aftdr iicadiation [Hopewell, et aL, New ^roaches to cahc&c 
. ihsrspy, unsiatarated lipids and photodynamic therapy, Ed. D.F, Horrobin, pp 88-106. 
Qhuidnll Communications, Europe (London), (1994); Homsey, et aL, Int J. Radiat, 
OncoL Biol. Phys, 18, 1437-1442 (1990)] or by transplatttatioii of neural stran celk. 

In classical radiobiology, the emphasis has been on identi^dng specific target 
■ cells respoiisible for fixe development of CNS injury. The CHS is a cbmplex and 
extremely integrated tissue that depends greatly on cell to cell interactions. Radiation 
is a noriTdiscriminating insult that probably damages all tissue components, includiiig 
both endofheliiim and parenchyma. Therefore, it is unlikely that radiation injury 
would result from damaginjg a single target Furthermore, the pattern of expression of 
a number of growtia factors and cytokmes is altered by radiation [Chiang, et al,, hit J. 
Radiation Oncology BioL Phys. 24, 929-937 (1992)], These are likely to have an 
effect on the development of delayed radiation irgury in CNS, 



: " i^^ andTofilonITofiaon,ef fl2.,Rad. Res. 153: 357-370, (2000)] 

; suggested pro^udfion of reactive oxygra species (ROS), besides ceU dealii, 

'^iaysaiQajorpait 

process is akeady recognised in.the develdpmeat of otter CNS lesions such as those 
induced by trauma or ischaemia [Schwab, et aL, Physiol, Rev. 76: 319-370, (1996)]. 
Accoring to the hypothesis suggested by Tofilon & Fike (siq^ra), radiation induced 
CNS iijury is not the result of damage firam a single histantaneous event but damage . 
dfa dynarmcraultifaceted nature which develops over time. 

; RadiosensitiserB or radioprotectore modify the effects of radiation, but are 
required at the time of irradiation. While such substances can be used m ladiotiierapy, 
for example, their use is hmited for post radiation treatment, and can not be used in . 
the treatment of oversensitive patients who develop lesions as a side effect of . 
radiotherapy, or for patients overexposed in radiation accidenis. 

( inteiyenti • 
biological response xiodffi Biologioai response ihoaifiers are 

ideanysubstaricfes that are adnc^ ^ 
could be pf great value m the treafanent of oversensitive or overexposed patients, they 
bould also 1)6 used in cancCT Ih&capy in order to rdduce the adverse effects of 
■^radiotherapy, . 

Ameliorating tiie risk of normal tissue damage would allow radiotherapists to 
; apply larger do^es of radiation, tiiereby to effect a more rapid cure, iricrbasmg the 
: probability of tumour cure, without moreasmg the rislc of noimal tissue morbi dity. At . 

present there sre no effective biological response modifiers for the treabn 

iadiation-niduced noiinal tissue Iraions, m^^ 
.;.^CNS, - ! ■ ^ ^ V 

"irhe present inventor has evaluated a number of herbal extracts in the sisarch 
-for a suitable biological response modifier. These substances, which demonstrated a . . 
. limited success, included oral administration of the extracts of Chinese anti- 
' inflammatory herbs ScuteUada barbata, Paeonia lactiflora. Salvia miltiorrhiza, E zhu. 
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Glycyriiuza uralensis. Astragalus mmbranaceus, Lonicera japonica, Paeonia 
sufruticosa, and Trichpsanthes Idrilowii These extracts had no beneficial effect in 
controlling the incidencje of radiation-induced moist desquamation of skin in a rat 

.'model but acdelerated its healing (Rezvani ei al., uiapublished data). In another study 

:the eflBcacy of extracts of Fagopyrum esculentiim, Symphytum 
Calendula officinalis, given orally, had no beneficial effect in controlling the 
incidence of radiation-induced moist desquamation. It appeared that these herbal 
extracts also accelerated the healing of the moist desquamation (Rezvani et aU 
unpubhshed daia)r ^ ■ . .\ 

There is no literature suggesting the involvement of sun flower oil in the 
treatment of radiation-induced lesions. However, Hopewell, et a/., [(1994), New 
approaches to cancer therapy: xmsaturated lipids and photodynamic ther^y. Ed. D.F. 
Hoir^ Churchill Communications, Europe (London) pp 88-1 06] reported that 
using sun flower oil as a placebo had some beneficial effects in niodi^ : 
ridiation-iriduced sldn lesior^ ^ ; 

d-Tocopheiol (vitamin E) has not bera used on it^ . 
ladiation lesions but has hem used as part of a combination treatment, ad m i n istered 
^ for 8 Weeks, 24 hours after irradiation of the sldn of rabbits aad showed no beneficial 
effect iLefaix.efaZ., (1992). BuU.Cancec/RadiothCT^ ; 
tpcophM-ol in combination with Pentojqrfilline was significantly effective in softeloing 
and shrinking of radiation-induced fibrotic scar in pig sldn [Lefaix, et al., (1999), Int 
L Radiat OncoL Biol. Phys. 43: 839-847] andhuman pelanim, S., (1998) British 
ioumai of Raldiology 71: 892-894]. 

Curcumin (difCTiloyl meftiane) is a phenolic antioxidant and anti-inflammatory 
available in the ihizoine of the plant Curcuma longa Linn. (Zingiberaceae), This 
yellow phytochemical can be extracted fi'om this plant with efhanol or other organic 
^olvedts. Curcumin has strong antioxidant and free radical-scavenging activity and 
inhibits lipid peroxidation, including radiation-induced lipid peroxidatioii. Its anti- 
inflammatory action may be due to its inhibitory effect on arachidonic acid metabolism 
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^ via the lipoxygenase and cyclooxygenase pafliways [Stonier & Mukhtar, (1995) J^- Cell. 
'^ibbhem-Siippl. 22:16^^ 

- Ci^ involved with Hemox-1, and protects endotiielial cells [Motterlim, 

el dL, (2000) Free Radio. Biol. Med. 25: 1303-1 3 1 2] and it is a potent inhibitor of 
.mutageneas and has demonstrated strong anticancer activity [Huang, et aL^ (1988) 
: danceiRes. 48: 5941-5946; MehtaKG., and Moon R.C. (1991) AnticihcerRes. 11: 
:593-596; Nagabhushan M„ and Bhide S.V. (1992) J Jim. colL Nutr. 1 1 : 192-1 98; Rao, . 
etaK (1993) Carcinogenesis 14: 2219-2225; Huang, et al, (1994) Cancer Res 54: 
5841-5847; Lu, et al^ (1994) Carcinogenesis 15: 2363-2370; Subramaiiian, etdL, 
(i994) Mutation Res, 311 : 249-255; Ramachandran C. and You W, (1999) Breast 
Cancer Research and Treatment 54: 269-278; and Inano H, and Onoda M, (2002) Int J . 
Radiat/OncologyBioLPhys. 52: 212-223]. 

^ F 

jun and c-myc prdto-oncogenes [Rao et ali supra; Huang et al,, siipra; Lu et al., supm; ; 
■ ;^aman^ (1998) Oncogene 17: 173-178], The 

biolbffcal and phaimacological properties of curoumin have been reviewed 

[Gbvindarajari V,^. (1980) CRC Rev. Food Sci, Nutr. 12: 199-301; Toimesen H,H. 
: (1988). CJhemistry, stability and analysis of curcmnin, anatimUy occuiiing driig ; 

molecule, Ph.D, Dissertation, The Institute of Phaimaqr, Univrairity 6f Oslo; Aminbn^ 
;>^H J.T„ and W^ahl, M.A., (1990) Planta. Med. 57: 1-7; Huang, at,, (1992) American ; 
/Chranica] Society^ pp 339-349], 

Curcumin, besides its antiojddant activities, has been shown to inhibit radiation 
mducedproteiai kinase C activity [Varadkar, et al., (2001) J, RadioL Prbt 21: 361-370]. 
Protein kiiiase C iiihibits the cenmude pathway wW^ 

Curcumin can potentially interfere with this pafliway (V aradkar et al, supra) and may 
/dause tissue sensitisition- ; 

The majority of the reports on curcumin involve its anticancer activities [Inano 
' and Onoda, 2002, supra; Ramachandran and You, 1999, si^ra; Araujo, et aL, (1999) 
Teratogen., Carcmbgen., and Mutagen- 19:9-18], There are no reports of the 
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: appficatibn . pf cikcumm for the treatmeat of radiation induced sidn or oral mucosal 
lesiohSi however. AdininistradoD of curcumin for two weeks prior to irradiation has 
sticcBssfiiUy mo^^^ 

•glyoxalase activity in the liver and spleen of irradiated mice [Choudhary, et a/., (1999) 
J. Ethnophanhacol, 64: 1-7] and it has been shown to be effective in the repair of both 
oxidative and reductive damages to proteins and oxidized amino acids caused by 
.radiation D6C^ S., and Priyadarsini JCL (2001) Biophysical Chem- 92: 1 19-126]. 

WO 01/12130 discloses the use of curcumin to moderate the effects of 
glycohc abid in the treatnient of scar tissue. 

US 2001/0051 1 84 discloses the use of curcumin to inhibit phosphorylase 
Idmase and thereby treat inflanmiatory co^^ While the curcumin maybe . 
administered with other substances, siich as antioxidants, it is essential for the 
curciunin to be dissolved in an a^^ Bothwaterahdraineral oils are 

stated to be completely ineffectual for dissolving curcumin and acting as cairieis 
; therefbr. ■ 

It has now suiprisingly been found lhat extracts of turmeric, in combination 
>v(ath adible oil and an antioxidant have beneficial effects in preventing and treating 
tissue damage caused by iion-physical insult, such as chemotherapy and radiotherapy. 

^ 1^ 

boinbination of cinrcuihizi, at least one antioxidant and at least one edible oil in the 
inrevention and/or treatment of tisBiie damage caused by n^ 

in a preferred aspect, the curcumin, antioxidant and edible oil are provided in 
. combination, with fee curcumin and antioxidant being at least partially, and preferably 
substantially completely dissolved in the oil, although it is possible to administer the 
components separately, if desired. 
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In a further aspect, tiiere is provided the use of a combinatioii of curcumin, at . . 
least bite antioxidant and at least one edible oil in the mannfecture of a medicament 
for the pi^vention and/or treatment of tissue damage caused by non-physical insult, 

! irhe medicanieiits of the present invention are useful as biological response 
modifiers, and may assist in repairing and preventing tissue damage in the course of , 
treating cancerous growths, for example. It is common to piovide non-physical - 
insults to treat tumours and, while it is not intended to use the preparations of the 
present invention to compensate for physical insults, such as surgery, they ruay be 
used in conjunction with such treatments. In general, non-physical insults include 
chemical and radiation treatments, which are commonly employed to target rapidly 
growing tissues. The preparations of the present invention appear to allow greater . 
levels of insult to be used, while minimising flie eiBfect on healthy tissue* 

: ; Particularly piBfenedinsidts aire those ari^ 
riadiotherapy, arid eq)eciaUyiOTising radiation. 

As noted aboye, curcumin is diferulbylmethane arid is present in the plant 
turmeric, Cwcuma longa Lorn. (ZSngiberaceae), Accordingly, in one embodiment, 
the cuicumiri used in the present invention is in the form of an extract of tuxmedc. In 
general, it is preferred to use a more pure form of curcumin when malrin g up any 
niedicatiori, in order that levels of purity and sterility may be controlled, although 
stibh cbnsideriffions are riot neceissanly particularly inipoftant except wh&CG the 
medication is intended for injection, as extracts of turmetic are generally provided in a 
■fonri suitable fer ingestioiL 

Curcumin is abundantly available in oriental diet, for Kcample, arid it is on the 
FDA GRAS (generally recognised as safe) Ust No LD50 has been reported for it 
Doses as high as 500-5000 mg/kg body weight have shown no toxicity when fed to 
" animals (rats, cats, dogs, pigs and monkeys) over a period of 60 weeks. 

Curcumin is metaboUsed in the gut to substances such as the glucuronides of 
tetrahydrocurcumin, hexahydrocurcinnin, dihydroferulic acid and ferulic acid. • 



: \vb 03/088986 . . PCt/GBO3/0l<594 

v-.;:/. V. io ; - '-.'y:- ;.: v 

•^Accorfm^y, the present invention also envisages use of ttie metabolites of curcuinin, : 
especially It will be 

: -a^jpieciated that.curcumin may be used in the essentially pure fonh in the preparations 
: :ibf tiie invention, or may be provided m a forai suitable for hahdling, such as pre- 
prepared in a small amount of oi^ for example. Metabolic precursors, such as ethers, 
ifdi- example, may also be employed instead of, or together with, curcumin inthe 
; pi^aralions of theiiwe^ : 

The curcumin is preferably provided in an oil. The oil is preferably a natural 
plant oil, more preferably a vegetable oil and most preferably sunflower oiL Other 
oils that may be used, either in combination with sunflower oil or in theur own right, 
are linseed, olive, groundnut, borage seed oil, heinpseed oil, grape seed oil, walnut oil, 
wheat germ oil, soybean oil, com oil, borage, evening primrose and rape (canola), 
with rape, borage, evening primrose and hempseed oils being the most prefe^^ 

• The level of curciunin in the oil will gensrally be deteimiiied by the skilled 
/ ]physician, but typically the percentage by weight of cuicmnin in the oil can be fiom 
b J%"60%, say fiom 0.5 to 25%^ 

Preparations of the present invention comprise an antioxidant, and it hais been 
fouxid ttiiat vitamin E, or a-tbcopherol, is particularly beneficial, Oflier antioxidants 
that may cbnveniiehtly be used in the present invention include dimethyl sulfoxide 
(DMSP), gmmia iinplenic add (GLA), melatonin, thiol-containing ageiits such as 
glutafliioie, meflrioiiine, cysteine, enzymes such as supmxide dismutase, catalase 
and glutathione peipxida&e, ascorbic add, selemum, carotene, fiavonoids and extracts 
of plants such sis Astragalus membrafteus, Gin^co biloba^ Sifybum marianum^ 
Ligitsticunt cJuiaxiong, Panax ginseng and Scutellaria baicalensis. The preferred 
. mtioxidaht is a-tdoopherol, but any antioxidant suitable for administration in 
ibterape"ti« nmrinnf?; pj\A preferably which is eflFectively non-toxic even in large 
quantities may also be particularly useful 

The ratio of curcumin : antioxidant, such as a-tocopherol, is suitably in the 
range of 25:1 to 2.5:1, more preferably 20:1 to 5:1, most preferably about 10:L 
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Whei^ d-tocopherol is specified herein, it will be appreciated fbat this also includes • 
any other, antioxidant useful in the invention, unless otherwise ^parent 

[, ia a piticularly prefeixed embodiment, the present invention provides a 
combmation preparation comprising ourcumin and a-tocopherol in an oil, especially 
kiEofloWer oil It is believed that sunflower oil itself makes a significant contribution 
to the hedmg effedte of the prod^ 

The eflScacy of the preferred preparation is reflected in its remarkable DMF 
value of 1.44. Furthermore, all components of this, and other ptefenied enibodinients 
of tlie invention, are liori-toxic and can be administered in large quantities without fear / 
, 'of side effects. . 

: ; It is preferred to use the preparations of the invention 6x flie treatment df aiiy 
tissue damage occurring through insults such as radiation. This can as simple as 
: snmbuin, br may be used to trfeat inadiaited areas of skin iiimiediatety after treatm;ent^ , ■ 
for dcample. Mkriy cahciar treatment where tifisftie dam obsdrved, or iikdy, fhm • 
adminisiiation of flie preparations of the inveintion, whether as one or niore . 
components or together, is indicated. 

Other suitable aiid preferred indications include protection of the CNS, 
especially for thexapy near tiie spine, and treatment fbrmucositis for patients 
undergoing head and neck therapy, for teample. 

The preparations of iiie invention may be applied as a cream topically to an 
area of skin, inucus rnembi^es or other tissues which have been exposed to radiation. 
Forms for topical administration include a mucus binding solution for oral mucosa, 
and a pessary for rectal administration. Alternatively, a formulation of the product 
suited for oral administration maybe provided, notably capsules or tablets containing 
the product, or the product may be administered in the form of a linctus directty per 
: osy or by gavage, for example. Typically the amount of product taken daily by oral . 
administration may be as low as 0.01gperKgbodyweight,but may is preferably 
0,lg-20g per Kg body weight, say 0.25 to 10 gflBtg, or about 0.5 to 5 g/Klg. 
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: The product of the presrat invention may be used for people who have been 
accidentally or unintentionally exposed to radiation, but it is niaiQly expected to be of 
iise for padenfs recdving radiation therapy. A specific £q)plicati6n &r the iny^tion - 
IS therapy^induced mucositis, notably niucositis induced by radiotherapy and/br 
Chemotherapy. A particular example involves mucositis ciaused by radiotherapy of 
the head and/or neck. Mucositis caused by conditions other than expbsuref to therapy . . 
can also be treated by tlie present inyenti^^ ; : ■ . 

The invention also includes methods for the prevention and/or treatment of 
tissue damage caused by non-physical insult, comprising the adrninistration to a 
patient in need thereof of a combination of curcumin, at least one antioxidant and at^ . 
■ leaist oiie edible oil. . ' 

It is possible to separately admkdsterthe curcumin and d-tocoplaisrbl, but 
p^^t cbmpHance is.lfl^ to be much better if a combined product of this invention 
:is. provided for adzniiiistratLoiL • ' ' : - . ' 

: Another method of fiais invention includes providing radioliierapy to a patient 
and administering k preparation of the invention. The radibtherapy caii be as a single 
dose of radiation but will typically involve sequential exposure to doses of radiation, 
: ind lixe pibduct of this invmtion is administered either before or after first exposure to 
radiation and continued after the completion of radiotherapy. In a prefexred liieQibd, 
the prodiLCt bf lfais invention is adxninistered after first exposure to radiation and. . . 
continued after the completion of radiotb^f^y. 

Typically the pzpduct of this invention is administered at repeated intervals 
fbliowiilg the end of exposure to radiation and, for example, the product will be given 
for at least 14 br, better, 28 days or m^ 

The invention also includes treatment of mucositis and ottier conditions, 
including lesions in skin, the central nervous system (spinal chord and brain) or the • 
gastrointestinal systern,. These other conditions may be induced by radiation. 
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£?camples of mucositis which can be treated incliide mucositis arising &om exposure 
to iadiotiieraj}y^ but.tbe invention is not limited thereto, and conditions such as 
iritable Bowiei Syndrome can be treated. Thus, further aspects of this invention 
reside hi methods of treating mucositis and other conditions with curcumin and a- 
tocopherol, compositions of curcumin and a-tocopherol for the treatmeiit of mucositis . 
and other conditions, and the use of curcumin and a-tocopherol in the preparation of 
medicaments for treating mucositis and other conditions. The methods of treatment 
extend to prophylactic trea^ ' 

FurfliCT indications for preparations of ft e present invention incM^ 

1- prevention of cancer, particularly development of radiotherapy-induced 
secondary tumours, 

2- prevention and treatment of UV induced dermatitis (sunburn), 

3~ treatment of acute and chronic wounds on skin or buccal/oral mucosa and 
acceleration of healing of such wounds. 

: The invention embraces such methods, compositions for such methods, and 
the use of cuicumin and/or a-*tocoph^I in the preparation of compositions &r use in 

the methods,. 

A preferred form of sunflower oil is commercially available as Flora® pure ; 
simfloWer dil with Vitamin E. 
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Amelioration Of Radiatioii-Indu^ 

Ameiioration of radiation induced skin lesions by extract of Curcuma longai 

As iioted above, the absence of cell production results in moist desquamation. 
The development ojf radiation-induced moist desquamation of rat foot is an established ^ 
model for the study of this lesion [Rezvani, et aL, (2002) B, J, R,, 75: 50-55]. 

Mature (26 weekis old) female Sprague-Dawley rats were housed in groups of 
per cage and received standard pellet diet food atLd water ad libitunu Both hind 
feet df each rat were irradiated, under anaesthesia, with a range of doses of ^°Co 
gainma rays, at a dose-r^^ IhitialLy, animals were anaesthetised in a 

jjeispex box, fliished with oxygen and 2-3% halothane. Pre-anaesthelised rats were 
then pbsitidned in a perspex irradiation jig and anaes^^ 

cdntinubiisi flushing vnfh akygea and 1-LS% halothaiie at a rate of 2 l/inin. The foot 
td; be iiradiated was positioned into a slot in a circular perspex holder (1 cm thick, 11 
cm diameter) locked at the centre of the jig. Rats were positioned radially around this 
dentral perspex fidrtion of the jig and nine animals were irradiated at each time* 
Irradiation schedules involved graded single doses of ^Co y rays to the left fi30t of the 
animaL The aninials were then randomised into two g^ups of "test** and "placebo". 

ihe animals in the test group received 1 ml/day of an ethanolic extract of 
Cuj-cutna Idnga (1 :4, 25%) by oral gavage. Those in the placebo group received a 
similar volume of 25% ethanol in water by oral gavage. The feet were exarnined for 
the appeedrance of moist desquamation, daily, between 7 and 23 days after irradiation. 
Nine aniinals were used per each dose point. Quanta! data for the incidence of moist 
desquamation were analysed using logit analysis to provide EDso (±SE) values, the 
dose required to produce moist desquamation in 50% of irradiated feet, for both the 
; test and the placebo groups. Dose modification factor (DMF) was obtained by 
dividing the ED50 value for tiie test group by that of the placebo groiqi. Data analysis 
was carried out by the S AS statistical package (SAS, 1989). 
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Figure 1 shows the dose effect curves for the incidence of moist desquamation 
; of rat foot sldn after irradiation with graded doses of ^°Co y rays for test and placebo 
groups, irhe EDsb value of 22,54 Gy, for the incidence of moist desqt^iatioii in the 
skin of rat foot in animals treated with Curcuma longa extract, was significantly (p v 
<0,0 1) higher than the value of 21 .47 Gy, the ED50 for the incidence of moist 
desquaniation in placebo group. This difference in ED50 values resulted in a DMF of 

••■■^•05.. ; • — " * ■/''"''■ , •; . • . 

Thus, although the effect was relatively small, the modifying effect of an 
extract of Curcuhia longd was significant, at 5%, and is the first time tilat the 
incidence of radiation-induced znoist desquamation in this model has been influenced 
by an exogenous factor. 

EXAMPLE 2 

Amelioration Of Radiatioii-Induced Maco^itis; . 

, A coriibination of ciircumin (the active ingredient of the extract of Curcuma . 
lot^d) and a-tocopherol, dissolved in sun flower oil, was tested. This compound 
demonstrated a significant beneficial effect in reducing tibe incidence of radiation- 
■induced skin lesions and oral mucositis. The sun flower oil used appeared to have an 
additional effect, so that IPreparation A, consisting of Curcumin, a-tocopherol and sun 
flower oil (SFO) was developed and tested. ; ■ ; 

Components of Preparation A: 

Preparation A, as uised in these Examples, consists of curcumin, a-tocopherol 
and sunflower oil. The dosage used in these Examples was a-tocopherol 20 
itig/kg/day, curcumin 200 mg^g/day in 0.5 ml/day SFO. 

Although it is equally possible to use an extract of Curcuma longa, it was 
decided to^use^ as active ingredi^t, curcumin (difexuloylmethane) which is the . 
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cpinmerdally ayaila^^^ active substance of the extract firom Sigma-Aldrich. Thus, the 

followng Examjples used curcumin. a-Tocopherol (5, 7, 8-trimethyltbcol) was also 
V oised. As the latter was not water soluble, bofti were solubilised in sun flower oil. 

lieref^^ in somb stiidies (results not shown) sun flower oil (SFO) was used as 
Sijlabebo. How^ sun flower oil treated animals were compared with those . 

that received water (as placebo), or no drug treatment at all, it was found that sun 

■ ifiLower oil itself had a beneficial effect in the treatriient of radiation-induced oral 
mucositis aiid its addition ehhailoed the beneficial effects of curcumin and a- 

^tdcdpliOTol. . } '':'.:'.'' ' ■''}■ ■. \ 

Mature (12 weeks old; 200-225g) female Sprague-Dawley rats were housed in 
groups of three per cage in conventional housing conditions, 55% huinidity, 70-72 /'Fj 
12 tol2 hirs light-dark-cyole and received a standard pellet diet and wiater dc? libitum. . . 
The amimals were nxaintaihed, and all experimental procedures performed in 
compliance with the Animal (Scientific Procedures) Act 1986. While under 
anaesthesia, the anim^d's tongue was sUgJitly extended outside and a re^on of the 
md^ra of the tongue was irradiated situ with single doses of 2,27 MeV (J-raiys 

■ feom a Sinih or 1 liimi diameter '°Sr/^°y plaque. The dose-rate of the 5mm ^Sr/^^ 
plaque^^w 

itiuciis meinbi^ -5mm souicce was used for single dose study and 11mm soui-ce was 
oised for firacitionated $tudies. The irradiatioh was carried out by dimply positioning 
iiie sealed ^°Sr/^°Y plaque in contact with the surfece of the tongue. The tongue was 
- sbretched gehtly and radioactive soiurce was placed with a uni&nn inressure in all 
cases in ord^ to avoid any local hypoxia. In die unlikely event of local , 
jschaeijaia/hypoxia occuning due to stretching the tongue or pressure of the source, 
the e^ffect wais igndred, as this would have equally applied for both control and test . 
adimals. The irradiation site was medial to the sublingual vdns and a 4mm margin 
Was maintdned from the tip of the tongue. Irradiation was canied out under general 

■ anaesthesia maintained -mth a 

Sihgie dose studies: 

A total of 144 rats were used for this part of study. Four groups of 36 animals 
Were irradiated with single doses of either 13,5, 15, 16.5 or 18 Gy. Following 
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irradiation the animals in eiach dose group were subdivided into four treatment 
: suibgrot5)s of 9 rats to receive 0.5 ml per day of either Prq}aration A, SFO, a- 
tocopherol or water by oral gavage until the end of experiments. Nine animals were 
used at each dose point in each treatment group. Mucosal ulceration (erosion of ' 
mucosal epithelium) wias considered as an end-point and this is referred by radiation- , 
induced liiucositis in "die context of present ex^ From the day after 

irradiation, until any acute radiation-induced oral mucosal lesion had healed, the 
f animals' tongues were assessed daily for the presence of radiation-induced mucositis 
(mucosal ulceration) under light anaesthesia, maintained with a 1 .5% Haiothane, 
oxygen mixtiare. Daily assessment of mucositis was carried out under x2 magnifying 
glass with a cold light prior to oral gavaging. Quantal data for the incidence of 
radiation-induced ihucositis were analysed using logit analysis to provide ED50 (±SE) 
values, the dose at which radiation mucositis (mucosal lilcaratidii) was observed in 
50^ of irradiated tongues. The dose modification factor (DMF), defined as the ratio 
of die dose of radiation to cause mucositis in 'active* agent group to tiiat in 'placebo' 
jgroiip, wias calculated. Data analysis was carried out using SAS statistical package 
;XSAS,.1989), '^liiV ^* 

inx& incidence of radiation-induced oral mucositiB (mucosal ulceration) in the 
tongue of rkts is sh6wninFiginre2. There Was a modest increase in theEDso values 
after both a-tocopherol and SFO administration that resulted in DMF values of 1 .05 and 
i.04, respectively. The EDso value of 18.16 ± 0.70 Gy obtained for the treatment of. 
radiation-induced moist desquamation after treatment with Preparation A was 
significantly (p<0.01) higher than that of the animals that receivisd watCT, SFO or a- 
tocbpheroL . \ 

Botii a-tocopherbl and SFO showed a modest beneficial effect in the tceatmei^ 
of radiation induced oral mucositis. However, Prq}aration A significantly reduced the 
incidence of radiatibn mucositis witii a significant DMF value of 1^4±0.06. 

Mucosa] ulceration (erosion of mucosal epithelium) was considered as axi 
. endpoint and it appeared to be a reliable representation of radiation-induced oral 
inucositis. A similar end point has been used by other authors (Doeir et aL^ 2001, . 
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supra). The model involves the irradiation of only a small area of the underside of the 
tongue. This appears to be a useful model to study the clinically relevant end point of 
oral mucositis following irradiation. While a good dose-response relationship was 
nbtained for the ihcidence of mucositis the reaction had ho apparent effect on the 
animal's general well-being. There were no noticeable changes observed in animals. , . 
: with respect to body weight, eatmg, drin^ . 

While the intensity and duration of mucositis are dose dependent, the latent 
period for the development of mucositis primal 

.epithblial layer. In the preseat model the lesions developed from around 10 days after 
irradiation and fte latency peoriod was independent of the radiati^ 
: tireatnieht grotap. .V 

EXAMPLES • 

FractionatedDose Studies .• 

. Fractionated radiotherapy is employed in curative treatment. Accordingly, it 
wias idecided to assess Prepazati Normal 
fiactionated radibthCTStpy cbnsists of 25 fractions of 2 Gy delivered daily, 5 days per 
week. Such a schedule will be completed in 33 days^ In a rat model, where radiation 
induced mucositis develops from around 10 days after uradiatidxl^ 25 fractibus will 
span over the period of the development of mucositis. A schedule involving a short 
overall treatment time was required in this modeL The most appropriate and 
established technique, which closely mimics clinical practice, consists of a limited 
number of 2.Gy frafc 

A total of 126 rats were used for fliis Example. Ibree groups of 36 and one 
group of 18 animals were irradiated with ei^t daily fractions of 2 Gy (5 firactidns per 
week) followed by sinigle top-up doses of various sizes (7.5-17.5 Gy). The first 
fraction was always started on a Monday and top-up dose was delivered on Thursday 
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• of the following week. Following inadiatioDy the Hni'malR ia each dose group were 
. subdivided into fbur treatmeiat subgroups. Nine animalfi were used.at each dose point . 
; in each traatmeint group. Group 1 (Radiation only) received no further treatment 

except radiation. ThOT^ Groirp 2 (water) . 

received 0.5 ml per day of water by oral gavage. Hiere were only 1 8 (2x9) anitnalg in 

this group- Group 3 (SFO) received 0,5 M 

(Preparation A) f epeiyed 0*5 ml par day of Preparation A. Tested substances and 
plac6bb (water) were administered daily by oral gavage starting after the first 2 Gy 
fraction and continued xintil the end of experiments. Mucosal ulceration (erosion of 
mucosal epi&elium) was considered as an end-poiat^d this is referred by radiation-, 
induced mucositis in the context of present Examples, From the day after start of 
irradiation tintil any acute ladiation-induced oral mucosal lesion had healed, fbs 
animals' tongues w^ assessed daily fixr the presence of radiation-induced mucositis 
. (mucosal ulceration) under lig^t anaesthesia, maintained with a 1 .5% HaloAane, 
^^oxygen.imixture.. • ■ 

; ii)£uly assessment of mucositis wa^ carried out under x2 imag^iij^dng gjass with 
a cold Ug^t prior to oral gavaging. Quanta! data for the incidence of radiation-induced 
ihucositis were anialysed using logit analysis and top-up EDso (±SE) values, the top-up 
-dosb at which radiatidn mucositis (mucosal ulceration) was observed in .50% of 
irtaidiated tongties, WjBre obtained. The dose modification &ctor (DMF) defined stsfhe . 
ratio of Ibe tcyp-t^ dose of radiation to cause miicositis in test group to fliat in 
tadiatidn oiily gibi^ Data analysis was earned out using S AS 

statistic^ padcage (SAS, 1989). 

The incidence of radiation-induced oral mucositis (mucosal ulceration) in the • 
tongue ofrats after fractionated irradiations are shown m There was no 

significant difference in the incidence of radiation-induced mucositis id water treated 
&)lacebo)ammals and radiation only group. However, the ED50 values of 14.85± 0.44 
Gy and 18.0Q± 0.08 Gy for the incidence of radiation-induced mucositis in SFO and 
Preparation A groups, respectively were significantly higher than that of the radiation 
only and placebo groups. This resulted in significant DMF values of 1 .19 ± 0.06 and 
L44 ± 0.08, respectively. Figure 3 shows the incidence of radiation-induced 
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■ inucositis in rats after irradiation wifh eight daily fractions of 2 Gy (5 fractions per 
. . Week) fcUpwed by a single top-up dose. Total dose = 8x2Gy+Top-up dose. T^t 

iubstances, preparation A and SFO* arid placebo (water) were given in 0,5 ml 
volumes starting after the first 2 Gy per fraction and continued imtil the end of : 
^^.isxperiinents. • /■ V ■ , [ y \ '. ^ 

The fractibnated studies support the results of the single dose study of 
Example 2> and further reveal the beneficial effect of both Preparation A and SFO in 
the treatment of radiation-induced oral mucositis. The efifect of both substances is 
Enhanced after fractionated iirafi 
■respectiyely-. v^ V.; ' 

EXAMPLE4 ' 

Comp arison Of TheEffieacv Of The Components Of Preparation A 

- A total of 36 lits were used for this Sample. All knimals were irradiated with 
eigjit daily fractions of 2 Gy (5 fractions per Week) followed by single top-up of 1 6*5 
Gy. The first fraction was always started on a Monday and top-up dose was delivered ' ■ 
on lhursday of the following week. Following irradiation the animals were 
^^ubdivided mto four treatment Gtbup 1 (Preparation A) received 

6.5 ml per day of Preparation A, Group 2 (SFO+Curc,) received 200mg/kg/day 
Curcumin in 0-5 ml SFO. Groiq> 3 (SFO+Toco.) received 20 ing/kg/day a-tocopheiol 
in 0.5 ml SFO* Group 4 (Tdco+Curc.) received 20 mgfkg/dBy a-tocopherol and 200 
mg/kg^day Curcumiii iri 0,5 ml water. Tested substances were administered daily by 
oral gayage starting after the first 2 Gy fraction and continued until liie end of 
expiariments. Mucosal ulceration (erosion of mucosal epithelium) was considered as 
an end-point and this is referred to as radiation-induced mucositis in the context of 
: present experiments. From the day after start of irradiation until any acute radiation- 
induced oral mucosal lesion had healed the animals' tongues were assessed daily for 
the presence of radiation-induced mucositis (mucosal ulceration) mder light 
anaesthesia, maintained with a U% Halothane^ oxygen mixture. Daily assessment of 
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.mucositis was carried out under x2 magnifying glass with a cold light prior to oral 

•gavaging. ■ ■ . • -■.'■■•.■^ 

Table 1, below, shows the effect of Preparation A and its con^^ 
incidence oif radiation-induced oral mucositis in rats irradiated with 8x2Gy daily 
fractions followed by a top-up dose of 16.5 Gy. Different combinations of the 
components of Preparation A show a degree of effect in reducing the incidence of 
radiation-induced oral mucositis, but the greatest effect is produced by Preparation A 
itself co^tairiing all components. . 

■ Table 1 

influence ofFr^dration A and its components on the incidence of radiation-induced 
oral mucositis in rats irradiated with 8x2Gy daily fractions followed by a top-up dose . 

ofi6.5Qy, V \' V 

Modijfying agent incidence of oral niucositis (%) 



(reisponder/ai risk) 




11,11% (1/9) 


• SF04Curci^^ 


66.67% (6/0) 


SFO+a-tDcopherol 


33,33% (3/9) 


; a-tocopherol +Curcumin 


• 55.5<S%(5/9) : ; 



jFisoh^s exact test revealed that the incidence rates shown in Table 1 were 
signijScantly different (p<6.05). This implies that all three components of Preparation 
A are maidng contributioh in alleviating the incidence of radiation-induced oral . . | 
mdcbsitisinrat . : 
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Mbdificatioii Of Radiation Mvelopafliv In The Rat 

FiVe week old fanale Sprague-Dowley rats, 90±10 g, weire housed in groups 
Vbfibiir per. cage m A12iziin : 

/ ieing&.bf ^ cord (T2-C2) was irradiated, under halothaiie . 

an^esthM 26 Gy single dose of 250kV X-rays^ at a dose^rale of r-l;4 Gy/niin. 

For iiradiatibn, pte-anae]sth^tised rats (2-3% halotbane in oxygen) were restrained in 

the jig artd the jpbsitibn of the large thoracic vertebral spine was identified by X-ray 
vflubiifbscopy. A pejr^ex collar^ lOmm thick, and specifically shaped to fit the neck of 
. &e g^^al^ was thesn jpdsitipned to restrain the animal* This collar contained two lead . 
: ' Wire riiadcejra 12 mm ^art The caudal marker was placed ovei" T2 and the area 

between the t^^ 

r iiliadiated. The rest df the animaLwas shielded by a 4 mm fliick lead Avith a 12 inm 
;! cdt'otE giiided again by the lead wire maikers. During irradiation, anaesthesia was , 
maintain flushing of the irradiatioh jig with oxygen and 1.5% v 

■h 

Two animflls w^re irradiated at ia. time. One was allocated to the control group 
and the btii^r to the test group, after irradiation, A total df 18 animals were irradiated; 
: 9 ha the control md 9 in the tes^ A single dose of 26 Gy, as employed ih.this 

; Exainple, produces 1 00% myelopathy witiiin five months of inadiatidn, in this model. 

After iiradiaitidn, the animals in the test group received a daily dose of 0.5 ml . 
of Preparation A, as prepared in Example 2 above, by oral gavage. Oral gavaging was 
carried diit ibr 8 weieks starting fiom the first day of iiradiatiosu The first dose was 
] given immediately after irradiation. The animals in the coirtrol group received only 
the radiation imd no 

iiata analysis was perfoimed using the SAS statisticai packaga Non- 
: parametric life.table estimates were calculated and log-rank test was carried put to 
. identify the association of tiie survival time with tx^ 
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The paralysis-free survival rates for rats, after irradiation with 26 Gy of 250 
icV X-rays, in both the control and the active groups are shown in accompanying 
Figure 4. In Figure 4, the curves show paralysis-free survival times after 26Gy to a 
12 iinn length of ceryicaJ spind cord, the dashed line being for the 
; Ccohtror) aidmals, and the solid line being for tiiose treated with Preparation A for 8 
weels after iiradiation- The P- yalue rektes to the log-rank test 

Animeds receiving only radiation all developed paralysis within no more than 
134 days of iiradiation. The mean latency (±SE) period for the development of 
paralysis in tlis group of animals was 1 12,9^ 

. By the time that all of the control aimnals exhibited paralysis, over 50% of the 

aiiitnigtlR in . this test group were paxalysis-fi^e. The animals of the test gibiip had all . 
developed paralysis within 174 days of irradiation. The mean latency (±SE) period 
iof the deveibpmeht of p aralysis in ftis group of aimnals was 141db7-3 days (120-175 
days); 26% longer survival 

: However, it should be noted that the administration of Preparation A was only 
for 8 wedd after uradiation. Nevertheless, the latency period foi the incidenice bf 
radiation induced myelopathy was significanfly prolonged Overall, the 

difference between paralysis-free smvival of control and drug treated rats was 
statisticedly significrat (]p^ 



